Purpose Laparoscopy is the gold standard to assess for presence of an intra-abdominal testis. However, techniques for the subsequent orchidopexy vary, and include the recently described staged laparoscopic traction orchidopexy (SLTO) (Shehata in Pediatr Surg 51 (2): [211][212][213][214][215] 2016). SLTO enables elongation of the testicular vessels without division, with initial success rates reportedly superior to Fowler-Stephens. We present the first UK data following a preliminary study using SLTO. Methods 19 boys prospectively presenting with 22 intra-abdominal testes (IAT) underwent STLO in a single centre, with a median age of 2.5 years (IQR 1.4-5.2) at first stage. 3/19 (16%) boys had bilateral IAT and nine (41%) were left-sided. Pneumoperitoneum was established using 5 mm umbilical and 3 mm accessory ports in bilateral iliac fossae. The gubernaculum and lateral peritoneal attachments were divided prior to securing the intra-abdominal testis to the contralateral anterior abdominal wall with 2/0 Ti-cron™. Second-stage procedures were planned for 3-6 months later. The securing stitch was cut; an 11 mm STEP port was placed trans-scrotally to retrieve the testis and secured in a sub-dartos pouch. Outcome measures included palpable testes in the scrotum and surgical complications. Results 13/22 IAT have undergone follow-up. Twelve (92%) IAT were palpable in the scrotum following SLTO. There was one diathermy-related bladder injury necessitating laparoscopic repair, and 3/22 (13.6%) slipped sutures, requiring repeat first-stage procedures. Conclusions Staged laparoscopic traction orchidopexy is a feasible technique, which can be performed as an alternative to Fowler-Stephens procedure, with potentially better outcomes for the testis. The complications described should be preventable as the technique evolves.
Introduction
Normal testicular descent involves intra-abdominal and inguinoscrotal stages of descent during fetal development, from the region of the mesonephric kidney to the scrotum [1] . When this process fails, the testes are undescended (UDT), presenting a common problem for paediatric urologists, and leading to over 4000 surgical procedures to relocate the testis to the scrotum per year in the UK [2] . UDT are present in 3-5% of male infants at birth, with 1% persisting at 12 months of age [3, 4] . Studies have shown that descent of the testis is rare after 6 months of age [5] , and evidence suggests that gonads which remain undescended undergo histological change as early as 3 months of age. Thus, UDT represent a higher risk of future malignancy [6] and reduction in fertility [7] , and must be brought down to an appropriate position within the scrotum. Guidelines from the British Association of Paediatric Urologists (BAPU), therefore, recommend that orchidopexy is performed between 3 and 12 months of age. Taking into account the risk of general anaesthesia in infants under 1 year, The British Association of Paediatric Surgeons (BAPS), BAPU, Association of Paediatric Anaesthetists, and the UK National Screening Committee have formed a consensus of opinion that surgery for UDT should take place around 12 months of age [8] . Up to 20% of UDT are impalpable [9] , and of these, 40% will be relatively normal sized intra-abdominal testes (IAT), with the remainder being 'vanished' or atrophic testes [10] . IAT present the additional challenge of a much shorter vascular pedicle and are often managed with staged procedures. Although laparoscopy is the gold standard for assessing for the presence of an IAT, evidence as the best approach to bring an intra-abdominal testis down is lacking. This preliminary study presents the only results of a staged laparoscopic traction orchidopexy (SLTO) procedure for IAT from the UK to date.
Methods
19 boys prospectively presenting with 22 IAT underwent STLO in a single centre, with a median age of 2.5 years (IQR 1.4-5.2) at the time of the first-stage procedure. Three boys (16%) had bilateral IAT, and nine (41%) were left-sided IAT. Only boys with confirmed impalpable, intra-abdominal testes were included in the study. For the first stage, following confirmation of an impalpable testis on examination under anaesthetic, a pneumoperitoneum was established using the Hasson technique, and a 5 mm trans-umbilical port was inserted. Upon visualizing a healthy IAT ( Fig. 1 ), two 3 mm accessory ports were inserted under vision, one in each iliac fossa. On identification of a healthy IAT, the gubernaculum and lateral peritoneal attachments were divided with scissors and bipolar diathermy, whilst keeping the gonadal vascular pedicle intact ( Fig. 2 ). Once mobilized sufficiently to reach with contralateral anterior abdominal wall without undue tension, the IAT were then secured in position with a single 2/0 Ti-cron™ intra-corporeal knot (Fig. 3 ). The chosen point of fixation was approximately half-way between the midpoint of the contralateral inguinal ligament and the umbilicus. This position allowed good access from the aforementioned port sites for fixation, whilst providing enough distance to stretch the vascular pedicle. The vascular pedicle was then assessed to ensure that there was no excessive tension. The pneumoperitoneum was released, 0.25% chirocaine was administered to the port sites, and closure performed with 5.0 vicryl and/or tissue glue. For the second stage, laparoscopy was initiated in an identical manner as described for the first stage, with a view to completing the second stage 3-6 months after the first. The IAT was visualized and the traction stitch divided. The gonadal vascular pedicle was visualized and seen to be elongated ( Fig. 4) . A scrotal incision was made and an 11 mm trocar was introduced trans-scrotally, usually just medial to the ipsilateral external inguinal ring, taking care to avoid the inferior epigastric and iliac vessels. The IAT was passed into the trocar and brought out through the scrotal wound without torsion. Testes were then secured in a sub-dartos pouch with a fixation suture. The primary outcome measure was the presence of palpable testes in the scrotum at follow-up. Secondary outcome measures were testicular volume discrepancy and surgical complications. Median follow-up was 5.8 months from completion of SLTO. 12/13 (92.3%) IAT were found to be palpable in the scrotum following the second stage of SLTO. One patient (7.6%) had a palpable testis following SLTO, but it was felt to unacceptably high, and is awaiting a further procedure to bring the testis down. Six boys with a unilateral IAT have had post-SLTO ultrasound measurements of the testes, when there was clinically felt to be a volume discrepancy between the operated and the normally descended testis (see Table 1 ). Of these, only one was found to have more than a 50% volume discrepancy, compared with the normally descended, contralateral testis. Therefore, 11/13 (84.6%) of IAT were both palpable in an appropriate position within the scrotum and maintained volume following SLTO.
Findings during the second stage revealed 3/22 (13.6%) slipped traction sutures, whereby a repeat first-stage SLTO was performed. There were no incidences of atrophy following the first stage of SLTO. One patient was found to have a diathermy-related bladder injury sustained during the first stage, necessitating laparoscopic repair and placement of a bladder catheter for 7 days. There were no other surgical complications and no incidences of internal hernia.
Discussion
A variety of procedures have been described for surgical management of IAT include laparoscopic single or staged orchidopexy [11] , using multiple or single ports [12] , or microvascular [13] procedures. The majority of IAT in the UK are managed with two-stage Fowler-Stephens laparoscopic orchidopexy (FSLO) whereby the testicular vessels are divided. Post-operative outcome reporting is variable, but includes testicular atrophy, ascent, and volume discrepancy compared to the contralateral testis. Successful outcomes (a testis in the scrotum) have been reported at 66.7-92% [14] [15] [16] [17] [18] [19] for FSLO, with a systematic review indicating an overall 85% success rate [20] . However, some authors have reported significantly smaller post-operative testicular volumes compared with the contralateral, normally descended testis [17] .
A desire to improve outcomes has led to techniques such as staged laparoscopic traction orchidopexy (SLTO), which preserves the main internal spermatic vascular pedicle. Gradual traction to achieve the desired length required to reach the scrotum is not a new concept. Attempts to tether the testis to the pubic tubercle under tension were complicated, however, by high atrophy rates and the formation of fibrotic tissue around the testis [21] . The widespread use of laparoscopy has now made intra-abdominal [22] . More recently, the same authors replicated their technique on 34 IAT with similar slippage rates and 100% of fixed testes were seen to be well vascularized on Doppler ultrasound at follow-up [23] . Further studies investigating the feasibility of SLTO have reported suture slippage and failure of elongation of the vascular pedicle each at 9% with 0% atrophy [24] . The principal of the FSLO is that collateral blood supply develops from the gubernaculum, vas, and cremasteric vessels. Using this technique, up to 20% of testes undergo atrophy after the second stage as the gubernaculum is divided and the testis brought into the scrotum on small collateral vessels [25] . Gubernaculum sparing techniques have been described [26] , but may result in a less optimal final position for the testis. In patients with IAT who have epididymo-testicular dissociation, the FSLO should not be performed, as a collateral vascular supply to the testis will not develop [27] . In rat studies, dividing the main testicular blood vessels results in atrophic changes in up to 51% of peri-pubertal rat testes [28] . It can be inferred that this is, therefore, not an optimal technique in humans and that preserving the main testicular vessels would be preferable.
In this paper, the authors have developed the technique described by Shehata to take much smaller "bites" through the testis with the fixation stitch during the firststage SLTO. The stitch can be placed through the tunica albuginea of the testis using a 3 mm laparoscopic needle holder, rather than transfixing the body of the testis as originally described by Shehata. The authors propose that this may cause less injury to the testis. Another modification has included a laparoscopic second stage using an 11 mm STEP port. This is compared to the open technique described originally by Shehata, and has the benefit of a single scrotal incision. The bladder must be fully decompressed before the STEP port is inserted to avoid inadvertent injury.
This study presents the first results of SLTO performed in the UK to date, and confirms similar outcomes to the available international literature [22] [23] [24] . The study was limited, however, by a small sample size and short follow-up. Several complications were attributable to the learning curve in adopting and developing this technique rather than a more fundamental problem with the concept of SLTO. Ultrasound assessment of testicular volumes is recommended to evaluate longer term success of SLTO, and ideally, an assessment of semen quality should be performed when the patient reaches pubertal maturity. A randomized-controlled trial would also be valuable to compare the outcomes for SLTO and FSLO and remove surgeon selection bias.
Conclusion
Staged laparoscopic traction orchidopexy is a feasible technique, which can be performed as an alternative to the Fowler-Stephens procedure, with potentially better outcomes for the testis. The complications described should be preventable as the technique evolves.
